Ultra-diffuse galaxies (UDGs) are unusual galaxies with low luminosities, similar to classical dwarf galaxies, but sizes up to ∼ 5 larger than expected for their mass. Some UDGs have large populations of globular clusters (GCs), something unexpected in galaxies with such low stellar density and mass. We have carried out a comprehensive study of GCs in both UDGs and classical dwarf galaxies at comparable stellar masses using HST observations of the Coma cluster. We present new imaging for 33 Dragonfly UDGs with the largest effective radii (> 2 kpc), and additionally include 15 UDGs and 54 classical dwarf galaxies from the HST/ACS Coma Treasury Survey and the literature. Out of a total of 48 UDGs, 27 have statistically significant GC systems, and 11 have candidate nuclear star clusters. The GC specific frequency (S N ) varies dramatically, with the mean S N being higher for UDGs than for classical dwarfs. At constant stellar mass, galaxies with larger sizes (or lower surface brightnesses) have higher S N , with the trend being stronger at higher stellar mass. At lower stellar masses, UDGs tend to have higher S N when closer to the center of the cluster, i.e., in denser environments. The fraction of UDGs with a nuclear star cluster also depends on environment, varying from ∼ 40% in the cluster core, where it is slightly lower than the nucleation fraction of classical dwarfs, to 20% in the outskirts. Collectively, we observe an unmistakable diversity in the abundance of GCs, and this may point to multiple formation routes.
INTRODUCTION
Following the discovery of a population of faint, yet surprisingly large, galaxies in the Coma cluster (van Dokkum et al. 2015) , "ultra-diffuse galaxies" (UDGs, defined as galaxies with µ(g, 0)
24.0 and R e,gal ≥ 1.5kpc) have been discovered in numerous environments. Although such galaxies have been known since the 1980s (Binggeli et al. 1985; Impey et al. 1988 ) and a substantial number of similar types of galaxies have been previously identified (Conselice et al. 2003) , the survey of van Dokkum et al. (2015) has prompted an explosion of interest in these large, diffuse galaxies. UDGs have been found in the other clusters (Mihos et al. 2015; Muñoz et al. 2015; van der Burg et al. 2016; Lee et al. 2017; Mihos et al. 2017; Janssens et al. 2017) , as well as in low-density environments (Martínez-Delgado et al. 2016; Merritt et al. 2016; Román & Trujillo 2017; Trujillo et al. 2017 ). These galaxies have luminosities and morphologies similar to early-type dwarf galaxies, but larger sizessimilar, in fact, to L* galaxies (1.5 < R e,gal < 4.5 kpc), making them outliers in the galaxy size-magnitude scaling relations.
It remains unclear how UDGs formed and evolved. The very existence of UDGs in dense environments (van der Burg et al. 2016) suggests that at least some UDGs must be dominated by dark matter, and that environment may even play an important role in their evolution. UDGs may be "failed" galaxies, meaning they were extremely inefficient at forming stars, and are thus severely under-luminous for their halo mass. On the other hand, some suggest that UDGs are "genuine" dwarf galaxies with correspondingly modest halo masses, but with anomalously large sizes. They could be the high spin tails of the halo angular momentum distribution (Amorisco & Loeb 2016) , or the result of feedback driven gas outflows that can lead to the expansion of both the dark matter and the stars (Di Cintio et al. 2017) .
Globular clusters (GCs) are excellent probes of the stellar populations in these diffuse galaxies. GCs allow us to trace an early epoch of galaxy building when intense star formation was needed to form massive star clusters. Observationally, GCs are useful tracers of old stellar populations because they can be seen out to cosmological distances. Since the number of GCs in a galaxy correlates linearly with the total host halo mass (e.g., Blakeslee et al. 1997; Peng et al. 2008; Harris et al. 2017) , they provide a means of estimating the total mass of a galaxy based solely on photometric measures. While the sparse nature of UDGs points to inefficient star formation, GCs have, perhaps surprisingly, been identified in a number of UDGs.
Previous studies of GCs in UDGs have provided an important clue to their formation. Mihos et al. (2015) found a large GC population in VLSB-B, a UDG in the Virgo cluster. Its GC specific frequency (S N ) 1 is considerably larger than those typical of dwarf galaxies with similar luminosity. Large GC populations have subsequently been reported for Virgo and Coma UDGs Peng & Lim 2016; van Dokkum et al. 2016) , and in the field (van Dokkum et al. 2018b ). These GCs may be metal-poor based on their broadband colors (Peng et al. 2006; Beasley & Trujillo 2016) . In addition, kinematic measurements of GCs indicate that at least some UDGs are dark matter dominated systems van Dokkum et al. 2016; Toloba et al. 2018) , while others may have very little dark matter (van Dokkum et al. 2018a) . Taken together, these results show that UDGs are different from galaxies with similar luminosities.
1 Number of GCs per unit luminosity of host galaxy,
Nevertheless, UDGs may merely be large dwarf galaxies. There are several UDGs with highly elongated shapes, suggestive of tidal disruption (Merritt et al. 2016; Mihos et al. 2017) . Equally important, a number of UDGs have no significant GC populations (Mihos et al. 2015) .
van Dokkum et al. (2017) and Amorisco et al. (2018) have amassed fairly large UDG samples in the Coma cluster that are suitable for the study of GCs (15 and 18 UDGs, respectively) but these samples are nearly all in the cluster central regions (except for three UDGs from van Dokkum et al. 2017) . Moreover, no previous GC study in UDGs has included a careful comparison with classical dwarf galaxies 2 in the same environments, despite the fact that environment is known to affect GC specific frequency (Peng et al. 2008 ). Thus, we need a comprehensive GC study of UDGs and classical dwarf galaxies located in the same environments. In this paper, we use the Hubble Space Telescope (HST) to analyze the GC systems for 33 Dragonfly UDGs that inhabit a range of environments within the Coma cluster. We also include twelve UDGs in the archival data of the Coma Treasury Survey (Carter et al. 2008; Yagi et al. 2016) , as well as other measurements from the literature. For the comparison sample, we focus on classical dwarf galaxies selected from the Coma Treasury survey (den Brok et al. 2014) . In what follows, we adopt a distance to the Coma cluster of 100 Mpc (m − M = 35; Carter et al. 2008 ), which we apply to all galaxies except for DF3, which is located behind the Coma cluster (142 Mpc, Kadowaki et al. 2017 ).
OBSERVATIONS AND DATA ANALYSIS

HST Imaging Program
In a 26-orbit HST program (GO-14658), we imaged 33 large (R e,gal ≥ 2.0 kpc) Coma cluster UDGs from the catalog of van Dokkum et al. (2015) . Each galaxy was observed for one orbit in the F606W ("wide V ") filter, with ACS/WFC serving as the primary instrument, and WFC3/UVIS used in parallel mode. Accumulated exposure times were 2358 sec and 2445 sec for ACS/WFC and WFC3/UVIS, respectively. The observations were taken between January, 2017 and July, 2017. CTE corrections and drizzling were performed with the standard STScI pipeline. Figure 1 shows a montage of thumbnail images for our 33 program galaxies.
Source catalogs were generated using the Source Extractor package (Bertin & Arnouts 1996) . Photomet-DF1  DF2  DF3  DF4  DF6  DF7   DF8  DF9  DF10  DF11  DF12  DF13   DF14  DF15  DF18  DF19  DF20  DF22   DF23  DF25  DF26  DF29  DF30  DF31   DF32  DF34  DF35  DF36  DF39  DF40 DF41 DF46 DF47 ric magnitudes were obtained from aperture magnitudes measured within a 6 pixel (0.
′′ 3 for ACS, 0. ′′ 24 for WFC3) diameter aperture. To correct for flux missed due to the finite aperture size, we computed aperture correction values out to a 10 pixel diameter (0.
′′ 5 for ACS, 0. ′′ 4 for WFC3) using bright stars in the field, and then applied the aperture correction to infinity using values from the literature (Bohlin 2011; UVIS webpage 3 ). We adopted photometric zeropoints for AB magnitudes in F606W for ACS/WFC and WFC3/UVIS from the appropriate STScI websites.
GCs in these galaxies appear as point sources because GCs at the distance of the Coma cluster are unresolved, even with HST resolution; we therefore identified point sources as candidate GCs. Similar to Peng et al. (2011) and Peng & Lim (2016) , we adopted an "inverse concentration" index (C 4−7 ), which is the difference in magnitude between a 4-pixel aperture (0.
′′ 2 for ACS, 0. ′′ 16 for WFC3) and a 7-pixel aperture (0.
′′ 35 for ACS, 0. ′′ 28 for WFC3) for the point source selection. This parameter is normalized, so point sources will have C 4−7 = 0. Most detected sources are brighter than V 606 ≈ 27.5 mag, so we identified sources with V 606 ≤ 27.5 mag and C 4−7 < 0.3 as point sources.
We carried out artificial star tests to quantify the detection efficiency in our images.
An empirical point spread function (PSF) was constructed using DAOPHOT II (Stetson 1987 ) using bright stars. These empirical PSFs were added to the images as artificial stars; we then ran the same detection and selection procedures as were used to generate the GC catalogs. The 90% completeness levels were found to be V 606 = 27.50 mag and V 606 = 27.55 mag for ACS and WFC3, respectively.
UDGs in the Coma Cluster Treasury Survey
The Coma Cluster Treasury Survey (Carter et al. 2008 ) is a program that imaged the core of the Coma cluster in with HST in two filters, g 475 and I 814 . The depth of the imaging is adequate to detect GCs at Coma distance down to the mean of the GC luminosity function (Peng et al. 2011) . These images contain 54 of the UDG candidates selected by Yagi et al. (2016) from ground-based imaging. This list, however, includes galaxies with R e as small as 0.7 kpc, which is well within the range expected for normal dwarf galaxies.
van Dokkum et al. (2017) used the Coma Treasury Survey data, combining g 475 -and I 814 -band images to generate deeper pseudo-V band images, and measured the sizes of these 54 galaxies using GALFIT (Peng, C. et al. 2002) , finding that 12 of them have R eff ≥ 1.5 kpc. They then identified GC candidates associated with these 12 UDGs. Amorisco et al. (2018) also studied GCs of UDGs in Coma Treasury Survey data. They provide estimates of the numbers of GCs in 54 UDG candidates from Yagi et al. (2016) , 18 of which have R eff ≥ 1.5 kpc based on the size measurement of Yagi et al. (2016) . Although these previous studies provide total GC numbers for UDGs in the Coma Treasury Survey data, we have re-measured them to ensure a consistent methodology across all galaxies. We chose to include the 11 of the 12 UDGs from van Dokkum et al. like superposition of two small galaxies (something mentioned in van Dokkum et al. 2017) . We also combined g 475 -and I 814 -band images to estimate the total number of GCs in these UDGs. Our measured GC numbers are similar, within the uncertainties, to those from van Dokkum et al. (2017) and Amorisco et al. (2018) (Figure 2 ). In total, we have 45 UDGs with our consistent GC analysis after combining our new HST observations (33), UDGs from the Coma Treasury Survey (11), and DF17 from our previous work (Peng & Lim 2016) . In what follows, we also included 3 UDGs (DF42, DF44, and DFX1) from van Dokkum et al. (2017) in our analysis, giving us a full sample of 48 UDGs.
A Comparison Sample of Classical Dwarf Galaxies
To understand the properties and origins of these UDGs, a clean comparison with classical dwarf galaxies is important. There are numerous studies of globular clusters in classical dwarf galaxies, but no large samples for the Coma cluster. We therefore performed the same GC analysis for classical dwarf galaxies in the Coma Treasury Survey using the catalog of den Brok et al. (2014) .
den Brok et al. (2014) studied galaxy photometric parameters, including magnitudes and effective radii, using the Coma Treasury Survey data. Their study contains about 200 galaxies within the magnitude range of −18 M V −12. We used 88 of these galaxies in our GC analysis, after excluding galaxies located in the halos of bright galaxies or close to the edges of the HST fields. Of these 88 galaxies, 54 have magnitudes in the range spanned by the UDGs, and we use these to provide a matched comparison sample for the UDGs.
Globular Cluster Numbers and Specific Frequencies
Measuring the total number of GCs in a galaxy requires us to make an estimate (or assumption) about the spatial extent and luminosity function of the GCs. In Peng & Lim (2016) , we estimated the spatial extent of GCs in DF17 directly from the data. Unfortunately, it is difficult to measure GC system spatial extent in these UDGs due to the comparatively shallower imaging. Although Forbes (2017) fit a relation between R e,GCS and host galaxy stellar mass for massive early-type galaxies, he also noted that UDGs do not follow the relation. van Dokkum et al. (2017) adopted a relation between the effective radii of the galaxy and GC system, concluding that R e,GCS ∼ 1.5R e,gal is a reasonable approximation for UDGs where both quantities are measured. We have tested this assumption using GC and galaxy data from the ACS Virgo Cluster Survey (ACSVCS; Côté et al. 2004; Ferrarese et al. 2006; Jordán et al. 2009 ), and find it to be an adequate description for low-mass galaxies, so we have used the same assumption to derive total GC numbers in our analysis.
The magnitude limit of our data is similar to the peak magnitude of the GC luminosity function (GCLF) at the distance of the Coma cluster, so it is difficult to constrain the shape or mean of the GCLF. Therefore, we have assumed that the shape of GC luminosity function in UDGs is the same as that in classical dwarf galaxies (i.e., roughly Gaussian; Jordán et al. 2007; Miller & Lotz 2007) . In DF17, where we could measure the GCLF past the turnover, we found that this was a reasonable assumption (Peng & Lim 2016) .
We measure the number of GC candidates with g < 27.5 mag within 1.5R e,gal . This number will be contaminated by compact background sources and intra-cluster GCs (IGCs). We estimate the level of this contamination using a local background in an annulus outside 5R e,gal . After background subtraction and completeness corrections down to the GCLF peak, we obtain the total number of GCs within the aperture by multiplying by two, which is the traditional way to account for the unseen faint end of the GCLF in extragalactic systems (Harris & van den Bergh 1981) . We then multiple by two again to account for the GCs that are outside our chosen aperture of 1.5R e,gal .
To check the reliability of the latter assumptions, we also estimated the total number of GCs by measuring the number of GCs within 4R e,gal . Based on the assumption that R e,GCS ∼ 1.5R e,gal , the fraction of GCs within 4R e,gal is about 94%. Thus, we calculated the total number of GCs based on this measurement, comparing the results to that obtained from GC counts within 1.5R e,gal and 4R e,gal . The two estimates are in good agreement with low scatter, so we conclude that the assumption R e,GCS ∼ 1.5R e,gal is reliable for UDGs.
For classical dwarf galaxies, we used the same assumption for the GC distribution, but estimated the total number of GCs within 4R e,gal . Because the effective radii of classical dwarf galaxies are generally small, this smaller size allow us to use a larger aperture (relative to R e,gal ) without incurring a large penalty from the background. After applying corrections for completeness and sampling of the GC luminosity function, we obtain the total number of GCs by multiplying by a factor of 1.06 to correct GC fraction within 4R e,gal to total number.
In all galaxies, we estimated the amplitude of fluctuations in background counts. To estimate this fluctuation, we randomly chose locations on the HST images excluding regions with UDGs and Coma galaxies (Sohn et al. 2017) , and measured the number of GC candidates using same size aperture as for the background annulus of the target UDG. We repeated this procedure for more than a hundred locations and used the standard deviation of these values as the background fluctuation amplitude. The final uncertainties in the total GC numbers are a combination of Poisson errors and the estimated background fluctuations.
Finally, we note that we find eleven UDGs that may contain central nuclei (Figure 3) i.e., UDGs with bright point-like sources at their photocenters. The candidate nuclei in DF7 and DF12 are not selected as GCs, but those in the remaining galaxies were identified as GCs by our automated selection. In all cases, we excluded these nuclei when calculating the number of GCs. The GC system properties of the Coma UDGs and classical dwarf galaxies are summarized in Tables 1 and 2, respectively. 3. RESULTS Figure 4 compares S N for UDGs and classical dwarf galaxies, plotting their specific frequencies against absolute V -band magnitudes. On average, the UDGs have higher S N values than the classical dwarfs. At a given luminosity or stellar mass, the mean S N val- ues of UDGs are more than 1-sigma above the mean S N values of classical dwarf galaxies. The upper range of S N values for UDGs are from ∼ 30 to ∼ 100, for −16 < M V < −13 mag. These values are extremely high compared to any other type of galaxy, suggesting that UDGs have some of the largest GC fractions among known galaxies. At the same time, several UDGs have S N values similar to those of classical dwarfs, and some others are consistent with having no GCs at all. UDGs clearly exhibit a very wide range in GC properties. Our focus in the next section is to understand the origin this diversity.
GC Specific Frequencies and Connections to Host Galaxy Properties
We have examined the properties of the individual galaxies in order to better understand which parameters are responsible for the observed wide range in specific frequency. Although UDGs have large sizes, their Figure 4. Globular cluster specific frequency, SN , versus galaxy V -band absolute magnitude. Plotted are Virgo cluster galaxies from the ACSVCS (Peng et al. 2008 , black dots), dwarf galaxies in the Virgo and Fornax clusters (Miller & Lotz 2007 , black diamonds), and nearby dwarf galaxies (Georgiev et al. 2010, crosses) . Literature UDGs are plotted for Virgo (Mihos et al. 2015 luminosities are similar to classical dwarf galaxies, leading us to suspect that the high specific frequencies are somehow related to the larger sizes of UDGs relative to classical dwarfs. Figure 5 shows our measured S N values plotted as a function of effective radius in three bins of galaxy magnitude. We find that for the more luminous galaxies, mean S N increases with galaxy size, although there is large scatter. There is no corresponding trend for the fainter galaxies, however. In order to make sure that our size-dependent aperture for counting the num- ber of GCs was not causing the trend for the brighter galaxies, we also used a fixed large aperture to count the number of GCs and we found the same trend.
Surface brightness is another extreme property of UDGs, so we examine the relationship between S N and surface brightness in Figure 6 . There appears to be a transition, where galaxies with surface brightness is fainter than µ V e ∼ 25 mag arcsec −2 have higher S N values than those in higher surface brightness galaxies, although there is a lot of scatter in this trend as well. Figure 6 . SN plotted as a function of galaxy Surface brightness. All symbols are the same as in Figure 4 . The purple solid line shows mean values of SN for all Coma galaxies (i.e., UDGs plus classical dwarfs). The line for mean values are smoothed using Gaussian kernal with FWHM of 0.5 mag/arcsec 2 . The grey dashed line indicates SN = 0. There is no significant correlation between surface brightness and SN .
GC Specific Frequencies and their Connection to Environment
There is also evidence that environment can also affect GC specific frequencies, particularly for low mass galaxies. In Virgo cluster dwarfs, S N is generally higher the closer the galaxy is to the cluster center (Peng et al. 2008) . Figure 7 shows S N plotted against distance from the Coma cluster center, R Coma , which we take to be the cD galaxy, NGC 4874. As in Figure 5 , we divide the sample into three bins of M V in order to separate out the trends in magnitude that we see in Figure 4 .
The S N of the most luminous UDGs do not show any trend with R Coma , but with only five galaxies in this bin it is difficult to draw any conclusions. The fainter bins, however, do appear to display a correlation between S N and proximity to the cluster center. In the intermediate luminosity sample, the mean S N in the cluster core is ∼ 30, and in the faintest bin, the mean S N is ∼ 60. These are very high S N values when compared to the classical dwarfs in this luminosity range. In both magnitude bins, there is a weak but noticeable trend, with large scatter, for the mean S N to be higher at the cluster center and lower in the outskirts. den Brok et al. (2014) studied the nucleation fraction of classical dwarf galaxies in the Coma cluster core and showed that is was quite high, with f nuc ≈ 60%. We visually identified stellar nuclei in our UDG sample, and found that 11 out of 48 galaxies appeared nucleated, an overall nucleation fraction of f nuc,UDG = 23%. At first, this seems significantly lower than for the classical dwarfs, but there has been some evidence that f nuc may be higher in denser environments (Baldassare et al. 2014; Ordenes-Briceño et al. 2018) , and the Coma classical dwarf sample is biased toward the cluster core. In Figure 8 , we plot the UDG nucleation fraction as a function of R Coma and find a distinct trend where the f nuc,UDG ≈ 40% in the cluster core, dropping to 0-20% in the outskirts. Even at the center of the cluster, UDGs still seem to have a lower nucleation fraction than the classical dwarfs, although the difference is not as large as when comparing with the full UDG sample.
DISCUSSION
We have shown that UDGs exhibit a wide range in GC content, and that they generally have more GCs per unit luminosity than their classical dwarf counterparts. Some UDGs have S N values well above those of most classical dwarf galaxies; at the same time, nearly half of UDG sample shows S N values that are indistinguishable from those in classical dwarfs. We divide UDGs into "low" S N UDGs -with values within 1σ of that in classical dwarf galaxies (e.g., the blue region in Figure 4 -and "high" S N UDGs -with values which are higher than 1σ limits observed in classical dwarf galaxies. Interestingly, most nucleated UDGs (10/11) are members of the high S N class.
We can also investigate the total masses of UDGs using their GC properties. Several studies have shown that the number of GCs is related to the total mass of a galaxy (Blakeslee et al. 1997; Peng et al. 2008 ; The ordinate shows the stellar mass measured from the total V −band magnitudes using Bell & de Jong (2001) , while the abscissa is total mass inferred from the NGC -total mass relation of Harris et al. (2017) . We also note the total number of GCs along the upper axis. Filled circles show UDGs from this study and Peng & Lim (2016) . Open squares and asterisks show UDGs from the Coma Treasury Survey and van Dokkum et al. (2017) , respectively. Nucleated UDGs are indicated by small yellow dots, and UDGs with high SN values are highlighted with large open circles. Grey shaded regions shows galaxies from other environments. The blue shaded region indicates classical dwarf galaxies in the Coma cluster. The dashed line and solid line show the expectation from abundance matching and their extrapolation below M⋆ ∼ 10 8 M⊙ (Moster et al. 2010 ) and M halo ∼ 10 10 M⊙ (Behroozi et al. 2013) Harris et al. 2017), and UDGs may obey this relation based on dynamical mass estimates for three UDGs van Dokkum et al. 2017) . We cannot overstate that the number of GCs is a highly uncertain measure of galaxy halo mass, especially in this mass regime, but it is the only information we have for a vast majority of UDGs. We have transformed the number of GCs to halo masses using the relation, logM halo = 9.62 + 1.12logN GC (Harris et al. 2017) . Although the interpretation of halo mass for satellites is not straightforward, it is customary to consider it as an estimate of the virial mass of their halos possibly at the time of infall into the cluster. With that caveat in mind, we find that the median total mass is about 10 11 M ⊙ , which is larger than expected at their luminosity com- pared to simple extrapolation of abundance matching results (e.g. Moster et al. 2010; Behroozi et al. 2013 ), but still within the dwarf halo regime. Figure 9 shows the relation between stellar mass and total mass. The stellar masses were measured from the galaxy luminosities and colors using Bell & de Jong (2001) . There are many UDGs offset to higher halo mass when compared to the region defined by normal galaxies (blue and gray shaded regions) . The UDGs have a median inferred M h /L V ∼ 1000, suggestive of a massive galaxy origin. These galaxies could have formed their GCs early, after which time star formation was quenched preventing the formation of a disk and bulge. As our UDGs are located in a rich galaxy cluster environment, one might suppose that UDGs were efficiently quenched once they fell into the cluster potential well. A similar process can explain variation in S N for classical dwarfs (Peng et al. 2008; Mistani et al. 2016; Liu et al. 2016) .
The average total mass of high-S N UDGs is similar to that of M33. The R e,GCS of the M33 GC system (∼ 3 kpc, Peng & Lim 2016) is also within the range of the R e,GCS used for UDGs in this study (median R e,GCS ∼ 4 kpc). As a thought experiment, we can crudely estimate the infall time of these UDGs using M33's star formation history. UDGs have about 5% of the stellar mass of M33, and the time when M33 formed 5% of current stellar mass is about 7 Gyr ago based on its inner halo region of Barker et al. (2011) . Being in a denser environment, it is likely that the Coma UDGs built their stars up faster. It is then plausible that galaxies having a mass similar to M33 fell into the Coma cluster at least 7 Gyr ago (z inf all > 0.8), and that their star formation was subsequently quenched by environmental processes, meaning that these galaxies could not form additional stars and eventually became UDGs. This qualitative picture is also supported by recent spectroscopic studies of UDGs in our sample which find mean stellar ages of 7-9 Gyr (Gu et al. 2017; Ferre-Mateu et al. 2018; Ruiz-Lara et al. 2018 ).
Low-S N UDGs, on the other hand, lie on the expected relation between stellar mass and total mass in Figure 9 . These systems could have halo masses similar to those of classical dwarf galaxies. Indeed, a dwarf galaxy origin scenario for UDGs has been raised in several studies (e.g., Amorisco & Loeb 2016; Di Cintio et al. 2017; Rong et al. 2017) . Total inferred halo masses for low-S N UDGs have a similar range as halo masses for UDGs with a dwarf galaxy origin seen in simulations. These UDGs could represent the high angular momentum tail of dwarf galaxies; alternatively, feedback driven gas outflows or tidal harassment, could expand both the stellar content and dark matter within dwarf galaxies.
Finally, we show in Figure 10 that low-S N UDGs are on average slightly more elongated than high-S N UDGs. The distributions of b/a for high-and low S N UDGs are moderately different (at 2σ), with a KS test indicating D = 0.40 and probability of p KS = 0.038. This could be an indication having higher angular momentum, but this is speculation until we have stellar kinematic observations.
SUMMARY AND CONCLUSION
We have presented a comprehensive study of GCs in 48 UDGs in the Coma cluster using HST data. Our sample includes 33 UDGs from a new observing program, one from our previous HST study (Peng & Lim 2016) , 11 from the Coma Treasury Survey, and three UDGs from van Dokkum et al. (2017) . Our primary findings can be summarized as follows.
1. The GC specific frequencies of UDGs are found to vary dramatically. On the whole, though, the mean S N values of UDGs are higher than those of classical dwarf galaxies at a given luminosity.
2. For the most luminous subset of UDGs, we find that GC specific frequencies are higher when the galaxy effective radius is larger. This trend is not so apparent for fainter UDGs.
3. For intermediate-and low-luminosity UDGs, those closer to the cluster center have higher S N values, pointing to the importance of environmental processes.
4. We have divided UDGs into two classes: UDGs with high and low S N values as compared to those of classical dwarf galaxies. The subsample of high-S N UDGs are dark matter dominated systems with M/L V 1000 based on the total mass inferred from total number of GCs. UDGs with low GC specific frequencies have M/L V values similar to those of classical dwarf galaxies (M/L V ∼ 500).
5. We find eleven of our 48 UDGs to harbor nuclear star clusters. The fraction of nucleated UDGs varies with the distance to center of the cluster. UDGs have a higher nucleation fraction (f nuc,UDG ≈ 40%) in the cluster core, decreasing to 0-20% in the outskirts. Classical dwarf galaxies, however, have an even higher nucleation fraction, f nuc ≈ 60% (den Brok et al. 2014) , in the cluster core. Ten of the eleven nucleated UDG candidates are classified as high-S N systems.
The diversity in GC systems suggests that UDGs may arise through more than one formation channel (Pandya et al. 2017; Amorisco et al. 2018; Alabi et al. 2018) . Further study of UDGs, particularly kinematic constraints from deep IFU spectroscopy, could provide important clues for our understanding of the properties and origins of UDGs. SL thanks Jubee Sohn for providing a galaxy catalog for the Coma cluster. SL and EWP acknowledge support from the National Natural c UDG excluded from our analysis due its much lower luminosity compared with other UDGs. 
